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 Introduction
 Essential tremor (ET) is one of the most prevalent neu-
rological disorders  [1–5] . The central clinical feature is 
action tremor of the arms, although patients may exhibit 
other motor and non-motor features  [6] . Treatment op-
tions are limited  [7] .
 The view of ET as a degenerative disorder is not new. 
For example, Critchley and Greenfield  [8]  proposed more 
than a half-century ago that ET could represent an in-
complete variant of olivopontocerebellar atrophy. This 
view of ET as degenerative is now gaining fresh support 
from recent postmortem studies, which demonstrate 
Purkinje cell loss and other degenerative changes in the 
cerebellum of the majority of ET cases and Lewy bodies 
in the brainstem of the remaining cases  [9–11] . However, 
this view is at variance with older and perhaps more en-
trenched views of ET as a benign or even possibly a ‘su-
per-healthy’ condition. In the 1920s, Minor  [12]  proposed 
the idea of status macrobioticus multiparus, a triad of fa-
milial tremor, longevity and fertility. This view of ET was 
often propagated in older literature  [13, 14] , but it also 
continues to be carried forward into more recent scien-
tific literature on this disease  [15–17] .
 Two longitudinal studies have examined the issue of 
longevity in ET  [18, 19] . Rajput et al.  [19] reported no 
case-control difference in longevity. Louis et al.  [18] re-
cently reported an increased risk of mortality in ET cases 
vs. controls. Therefore, the notion of increased longevity 
has not been supported by these studies; by contrast, de-
creased longevity is emerging as a distinct possibility.
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 Abstract
 Background: The view of essential tremor (ET) as a degen-
erative disorder, which is now gaining support from post-
mortem studies, is at odds with traditional views of ET as a 
‘super-healthy’ condition characterized by increased lon-
gevity and fertility. Longevity has recently been re-exam-
ined in ET, yet fertility, measured by number of offspring, has 
never been critically assessed in this disease. The objective 
was to determine whether ET cases and controls differ in 
terms of number of children.  Methods: Family history data 
were collected on ET cases and controls from 2 distinct 
sources, a population and a clinical (referred) sample.  Re-
sults: In the population, the number of children was similar 
in 59 cases vs. 72 controls [mean  8 SD (median) = 2.3  8 2.9 
(1) vs. 2.2  8 1.8 (2); p = 0.26]. In the referred sample, number 
of children was similar in 184 cases vs. 241 controls [2.0  8 1.5 
(2) vs. 1.9  8 1.7 (2); p = 0.33]. In adjusted analyses, results 
were similar.  Conclusions: Fertility, measured by number of 
children, was similar in cases and controls. With a newer un-
derstanding of the biological substrate of ET emerging from 
postmortem studies, it is important to critically reassess this 
and other fundamental biological questions about the dis-
ease.  Copyright © 2008 S. Karger AG, Basel
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 Fertility may be defined as reproductive capacity, and 
is often measured in number of offspring. Extremely lim-
ited data on fertility in ET have been provided in several 
sources  [12, 20–22] ; however, this issue has not been ex-
amined critically. For example, other than the data pre-
sented here, there are no case-control data on fertility in 
ET.
 The goal of this study was to determine whether ET 
cases and controls differed in terms of number of chil-
dren. To do so, cases and controls were sampled from two 
distinct settings, a population and a clinical referral sam-
ple. The immediate goal of these analyses was to address 
a basic biological question about this disease. The over-
arching goal was to frame a broader conceptual question 
about this disease as a super-healthy condition vs. a de-
generative condition.
 Methods
 As outlined below, two samples of participants were used. All 
participants signed written informed consent as approved by the 
Columbia University Medical Center ethics board. 
 Population-Based Sample
 The Washington Heights-Inwood Genetic Study of Essential 
Tremor (WHIGET) was a family study of ET conducted in the 
Washington Heights-Inwood community in northern Manhat-
tan, New York  [23] . Enrollment began in 1995 and was completed 
in 2000. There were 59 ET case probands, 72 control probands 
and several thousand case relatives and control relatives  [23] . The 
design of this population-based study has been described in detail 
elsewhere  [23] . Control probands were matched to case probands 
on age, gender, and race, and each case and control proband un-
derwent a demographic and medical history and a videotaped 
tremor examination, from which a total tremor score (range = 
0–36 maximal tremor) was determined. All probands were asked 
to list by name each living and deceased first- and second-degree 
relative, and report whether they had tremor. 
 Clinical (Referred) Sample
 ET patients were enrolled in an ongoing clinical study at the 
Neurological Institute of New York, Columbia University Medi-
cal Center  [24] , a tertiary referral center in northern Manhattan, 
New York. ET patients came from two sources: patients whose 
neurologist was on staff at the Institute or patients who were cared 
for by their local doctor in the tri-state region (New York, New 
Jersey, Connecticut) and, as members of the International Essen-
tial Tremor Foundation, had read advertisements for the study. 
Controls were recruited using random-digit telephone dialing. 
They were ascertained from the same source population as the 
cases, and were frequency-matched based on age, gender, and 
race. Control recruitment proceeded more rapidly than case re-
cruitment, resulting in a larger number of controls than cases 
 [24] . Case and control ascertainment and recruitment have been 
described in detail elsewhere  [24] . All cases and controls under-
went demographic and medical histories and a videotaped tremor 
examination. Family history data were collected and all female 
enrollees were asked how many children they had. 
 Statistical Analyses
 Data were analyzed in SPSS (version 15.0). The number of chil-
dren was not normally distributed; therefore, nonparametric tests 
(Spearman’s r, Mann-Whitney test, Kruskal-Wallis test) were used 
when assessing this variable. Also, there were zero values (i.e., par-
ticipants who had no children). Therefore, in linear regression 
analyses, the value log 10 (children + 1) was used as the dependent 
variable. In these models, diagnosis (ET = 1, control = 0) was the 
independent variable. In the main analyses, ET cases were strati-
fied into those who reported an affected first- or second-degree 
relative (familial ET) vs. those who had not (non-familial ET). In 
a secondary analysis, familial ET was defined more stringently, as 
having an affected parent; this definition is less prone to misclass-
fy as familial ET those sporadic ET cases who report an affected 
relative in the setting of a large family size. A survival analysis was 
also performed in which having ET was considered to be the ex-
posure and the birth of the first child was the outcome, with the 
time variable being the age at evaluation (in cases or controls with-
out children) or the age at the time of the birth of their first child 
(in cases or controls who had children). 
 Results
 Population-Based Sample
 ET cases and controls were similar in terms of age, 
gender, and race ( table 1 ). A higher number of children 
was associated with non-white race [mean  8 SD (medi-
an) = 2.6  8 2.6 (2.0) in nonwhites vs. 1.3  8 1.3 (1.0) in 
whites, Mann-Whitney z = 2.48, p = 0.01]. Number of 
children was not associated with older age (r = –0.12, p = 
0.17) or gender [mean  8 SD (median) = 2.5  8 2.6 (2.0) 
in men versus 1.9  8 1.8 (1.5) in women, Mann-Whitney 
z = 1.07, p = 0.28].
 The proportion of ET cases and controls who had chil-
dren did not differ significantly [38/59 (64.4%) cases vs. 
55/72 (76.4%) controls, p = 0.13]. The mean and median 
number of children was similar in ET cases and controls 
( table 1 ;  fig. 1 ). Five (33.3%) of 15 familial ET cases versus 
9 (12.5%) of 72 controls had  6 5 children (Fisher’s p = 
0.12). One (6.7%) of 15 familial ET cases versus 0 (0.0%) 
of 72 controls had  6 10 children (Fisher’s p = 0.35). The 
marginally higher proportion of familial ET cases versus 
controls with  6 5 children skewed the mean; however, the 
medians of the 2 groups were identical (both medians = 
2;  table 1 ). When familial ET was defined more stringent-
ly (i.e. probands who reported an affected parent), there 
were only 7 familial ET cases. One of these had  6 10 chil-
dren, which skewed the mean (3.9) but not the median, 
which remained at 2.
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 In an unadjusted linear regression analysis, log-trans-
formed number of children (dependent variable) was not 
associated with ET ( ! = –0.05, p = 0.36). In a linear re-
gression analysis that adjusted for age, gender, and white 
race, log-transformed number of children was not asso-
ciated with ET ( ! = –0.06, p = 0.24). In an unadjusted 
linear regression analysis restricted to 15 familial ET 
cases and 72 controls, log-transformed number of chil-
dren was not associated with ET ( ! = 0.12, p = 0.17). In 
the same restricted model after adjusting for age, gender, 
and white race, there was no association ( ! = 0.08, p = 
0.38).
 There was no correlation in ET cases between the 
number of children and total tremor score (r = 0.001, p = 
0.99) or tremor duration (r = –0.13, p = 0.45).
 A survival analysis was performed, comparing famil-
ial ET cases to controls. In the analysis, having ET was 
considered to be the exposure and the birth of the first 
child was the outcome. In these analyses, the risk of giv-
ing birth was similar in familial ET cases and controls 
(relative risk = 1.24, 95% CI = 0.65–2.38, p = 0.52; after 
adjusting for gender and race, relative risk = 1.12, 95%
CI = 0.56–2.22, p = 0.76). 









 Number of participants 59 72 184 241 
 Age, years
 Range 
 79.9 8 6.7
70–96 
 79.2 8 6.0
70–93 
 67.4 8 15.0
18–94 1 
 68.2 8 12.1
18–95 1 
 Female gender 35 (59.5%) 45 (62.5%) 184 (100%) 2 241 (100%) 2 
 White race 16 (27.1%) 19 (26.4%) 170 (92.4%)* 203 (84.2%) 
 Education, years  not  collected  not  collected  14.7 8 3.2  15.2 8 3.2 
 Current cigarette smoker  not  collected  not  collected 14/164 (8.5%) 21/239 (8.8%) 
 Total tremor score  19.8 8 6.9*** 6.6 8 4.4  18.1 8 7.8*** 3.2 8 2.6 
 Tremor duration, years  15.8 8 20.7  not applicable  22.9 8 18.5  not applicable 
 Family history of ET or tremor 15 (25.4%)** 4 (5.6%) 114 (62.0%)*** 30 (12.4%) 
 Number of children 2.3 8 2.9 (1) 2.2 8 1.8 (2) 2.0 8 1.5 (2) 1.9 8 1.7 (2) 
 Number of children
 (familial ET cases vs. controls) 
 
3.5 8 3.5 (2) 
 
2.2 8 1.8 (2) 
 
2.1 8 1.4 (2) 
 
2.0 8 1.7 (2) 
 Unless otherwise indicated, figures in parentheses are median values. * p < 0.05, ** p < 0.01, *** p < 0.001, when compared with 
controls.
 1  25 ET cases and 16 controls were between 18 and 49 years of age.
































 Fig. 1. Proportion of participants (controls, sporadic ET cases, 
and familial ET cases) with each number of children (population-
based sample).
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 Referred Sample
 ET cases and controls were similar in terms of age, 
gender, education, and smoking status. In this sample, a 
slightly lower proportion of controls than cases were 
white ( table 1 ). A higher number of children was associ-
ated with lower education (r = –0.13, p = 0.01) and mar-
ginally with older age (r = 0.09, p = 0.07), but not with 
current smoking status [mean  8 SD (median) = 1.9  8 
1.4 (2.0) in current smokers vs. 1.9  8 1.6 (2.0) in current 
nonsmokers, Mann-Whitney z = 0.13, p = 0.90] or race 
[mean  8 SD (median) = 2.0  8 1.6 (2.0) in whites vs. 1.6 
 8 1.5 (2.0) in nonwhites, Mann-Whitney z = 1.44, p = 
0.15].
 The proportion of ET cases and controls who had chil-
dren did not differ significantly [141/184 (76.6%) cases vs. 
168/241 (69.7%) controls, p = 0.11]. The mean and median 
number of children was similar in ET cases and controls 
( table 1 ;  fig. 2 ). Six (5.3%) of 114 familial ET cases versus 
17 (7.1%) of 241 controls had  6 5 children ( " 2  = 0.41, p = 
0.52) and no cases or controls had  6 10 children. When 
the sample was restricted to 114 familial ET cases and 241 
controls, the number of children remained similar ( ta-
ble 1 ). When one further restricted the analyses to par-
ticipants who had ever been married (99 familial ET cas-
es and 202 controls), the number of children was similar 
[mean  8 SD (median) = 2.4  8 1.3 (2.0) in ever-married 
familial ET cases vs. 2.2  8 1.6 (2.0) in ever-married con-
trols, Mann-Whitney z = 1.26, p = 0.21]. Also, when fa-
milial ET was defined more stringently (i.e. reporting an 
affected parent), the results were similar [mean  8 SD 
(median) number of children in 37 ET cases with more 
stringently defined familial ET = 2.0  8 1.3 (2.0)]. Twen-
ty-five ET cases and 16 controls were between the ages of 
18 and 49 years; when analyses were restricted to partici-
pants who had completed their child-bearing years (age 
50 and older), results were similar [mean  8 SD (median) 
number of children = 2.1  8 1.4 (2.0) in 159 ET cases ver-
sus 2.0  8 1.7 (2.0) in 225 controls, Mann-Whitney z = 
1.35, p = 0.18].
 In an unadjusted linear regression analysis, log-trans-
formed number of children (dependent variable) was not 
associated with ET ( ! = 0.03, p = 0.26). In a linear regres-
sion analysis that adjusted for age, white race, education, 
and current smoker, log-transformed number of children 
was not associated with ET ( ! = 0.02, p = 0.42). In an un-
adjusted linear regression analysis restricted to 114 famil-
ial ET cases and 241 controls, log-transformed number of 
children was only marginally associated with ET ( ! = 
0.05, p = 0.09). In the same restricted model, after adjust-
ing for age, white race, education, and current smoker, 
there was no association ( ! = 0.04, p = 0.17).
 ET cases came from 2 sources. When compared with 
controls, the number of children was similar [mean  8 
SD (median) = 2.1  8 1.5 (2.0) in 120 ET patients whose 
neurologist was on staff at the Neurological Institute, 1.8 
 8 1.5 (2.0) in 64 ET patients who were cared for by their 
local doctor, and 1.9  8 1.7 (2.0) in controls, Kruskal-Wal-
lis = 3.54, p = 0.17].
 There was no correlation in ET cases between the 
number of children and total tremor score (r = –0.06, p = 
0.47) or tremor duration (r = –0.03, p = 0.69).
 Discussion
 Fertility may be measured by the production of off-
spring  [25, 26] . In this study, the proportion of cases and 
controls with offspring was similar, and the number of 
offspring was similar in ET cases and controls. This sim-
ilarity was observed both in a population-based sample 
of ET cases and controls and in a referred sample of cases 
and controls. Furthermore, the number of children was 































 Fig. 2. Proportion of participants (controls, sporadic ET cases, 
and familial ET cases) with each number of children (referred 
sample).
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 Minor  [12] and his contemporaries viewed certain dis-
orders of the nervous system as being degenerative, not 
only in a limited neurological sense, but also in a broader 
neuropsychological and sociological sense, with families 
being characterized by members with a variety of neuro-
logical conditions, eccentricity, alcoholism, insanity, and 
epilepsy. Minor  [12] promoted the idea that families with 
ET should not be viewed as carrying such a degenerative 
condition, but rather, these families were super-healthy 
and were characterized by members with greater longev-
ity and fecundity. Hence, through the same genetic mech-
anism, certain families were characterized by individuals 
with benign tremor, greater reproductive health, and a 
longer life. Such families were seen as giving rise to lusty, 
virile, active, and super-healthy people  [13] . In terms of 
fecundity, Minor [12]  reported large numbers of offspring 
in his 9 ET families (e.g. 15 children per generation in 
some families). Pelnar  [20] had also reported large ET 
pedigrees around that time. Pintus  [21] reported no dif-
ference between the fertility of 1 large ET family and that 
of the general local population. Larsson and Sjögren  [22] 
studied a large population-based sample of 201 ET cases 
from 9 ancestral families in Sweden, and came to the con-
clusion that there was no increase in fertility in these 
families, although no case-control data were presented. 
This issue has continued to be a subject of comment in 
more current literature  [15–17] , but has not been ad-
dressed critically, with no prior case-control compari-
sons. The data presented in the current set of analyses do 
not support the view that there is increased fertility in 
ET.
 Longitudinal data similarly have not supported the 
notion that ET is associated with increased longevity  [18, 
19] ; in fact, recent data have demonstrated the converse 
 [18] . This finding is consistent with current postmortem 
studies that are showing degenerative changes in ET, with 
Purkinje cell loss and other changes in the cerebellum of 
the majority of ET cases and Lewy bodies in the brain-
stem of the remaining cases  [9–11] . As a rule, degenera-
tive diseases are associated with decreased rather than 
increased longevity  [18] .
 This issue of fertility has been examined in several 
other progressive neurological disorders besides ET. In 
one study of males with amyotrophic lateral sclerosis, fer-
tility was reduced, leading the authors to question wheth-
er reactive oxygen species could play a role in reduced 
fertility in that disease  [27] . Reduced fertility, through 
reduced nuptiality, has been demonstrated in patients 
with Machado-Joseph disease  [28] . However, increased 
fertility has not been demonstrated in progressive neuro-
logical disorders. In Alzheimer’s disease, it had been hy-
pothesized that greater fertility, and therefore lower natu-
ral estrogen exposure, might increase the risk of disease, 
but there has been no demonstrable association between 
that disease and increased fertility  [25, 26] .
 In the main analyses, familial ET was defined as hav-
ing 1 or more affected first- or second-degree relatives. 
One issue is that ET is a common disease, and having a 
large family is likely to increase the likelihood of having 
a relative with ET. In this sense, large family size might 
be linked with familial ET not because of a biological as-
sociation between ET and larger family size, but merely 
because ET is a highly prevalent condition and having a 
large family mathematically increases the probability of 
having a relative with ET. Therefore, in additional analy-
ses, familial ET was defined more stringently as having 
an affected parent; with this definition, one is less prone 
to misclassify as familial ET those sporadic ET cases with 
an affected relative in the setting of a large family size. 
The results of these analyses also demonstrated that fa-
milial ET cases and controls had similar numbers of chil-
dren.
 This study was presented as a case-control study, in 
which study subjects were identified based on diagnosis 
and their fertility histories were compared. However, one 
also could have designed it as a retrospective cohort study, 
in which the exposure was having the disease (ET) and 
the outcome was childbirth. However, a problem with 
this approach is that survival analyses lend themselves 
more to analyses of one-time life events (disease onset or 
death), and are not ideal for assessing repeated events 
(births). The hypothesis of Minor  [12] centered around 
the number of children (i.e. repeated events) rather than 
birth as a one-time dichotomous outcome. Hence, the 
survival analyses that we present are additional second-
ary analyses.
 The factors that influence fertility are complex and go 
well beyond a woman’s bodily capacity to procreate. A 
broad array of complex social and societal factors are im-
portant, including contraceptive use, education, and so-
cial empowerment, to name only a few  [29] . While a lim-
ited number of demographic factors were considered in 
the adjusted analyses, these broader factors could not be 
taken into account. The referred sample may have been 
prone to a variety of selection biases, making it even more 
difficult to assess these complex issues. Therefore, the 
population-based analyses were perhaps more valid.
 This study had additional limitations. In the referred 
sample, women but not men were asked about the num-
ber of children. However, in the population-based sam-
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ple, men and women did not differ in terms of number of 
children, so this is not likely to have influenced the results 
in the referred sample. Second, participants were ques-
tioned about live births but not about abortions or mis-
carriages, so fertility may have been underestimated. 
This study had several strengths. These are the only case-
control data that have examined this particular issue. 
Furthermore, the question was addressed using ET cases 
from two distinct sources, one of which was a population-
based sample. Finally, a number of potential confounding 
factors (e.g. race, education) were considered and then 
adjustments made in these analyses.
 In summary, fertility, measured by number of chil-
dren, was similar in ET cases and controls. With a newer 
understanding of the biological substrate of ET emerging 
from postmortem studies, it is important to critically ad-
dress this and other fundamental biological questions 
about this common neurological disease.
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